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EXTENDIBLE EXHAUST NOZZLE BELL FOR A ROCKET ENGINE 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] The present application claims priority under 35 U.S.C. §1 19 of German 
Patent Application No. 103 12 776.3, filed on March 21, 2003, the disclosure of 
which is expressly incorporated by reference herein in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The invention relates to an extendible exhaust nozzle bell for a rocket 
engine of an aircraft or spacecraft according to the preamble of claim 1. 

2. Discussion of Background Information 

[0003] An extendible exhaust nozzle bell for a rocket engine of an aircraft or 
spacecraft is known fi'om EP0516519B1 which comprises a first part of a quasi- 
conical shape with smaller diameter fixedly arranged on the motor of the rocket 
engine and a second part of a quasi-conical shape with greater diameter arranged 
in a flexible manner with respect to this first part. In a front stowed position 
relative to the flight direction the second part of the exhaust nozzle bell is arranged 
surrounding the first part located nearer to the rocket motor, and in a rear 
operating position relative to the direction of flight continuing the shape of the 
second part it is arranged fiirther away from the rocket motor. To extend the 
second part of the exhaust nozzle bell from the stowed position into the operating 
position, an extension mechanism is provided that comprises several swiveling 
extension arms distributed over the circumference of the exhaust nozzle bell, 
which extension arms are coupled between the first part and the second part of the 
exhaust nozzle bell and connected in a hinged manner at a first end to a support 
structure provided on the outside of the first part of the exhaust nozzle bell. With 
the knovm exhaust nozzle bell, the extension arms are supported in a swiveling 
manner around an axis of rotation provided in the circumferential direction of the 
exhaust nozzle bell on the support structure attached to the first part of the exhaust 
nozzle bell in a radial plane containing the longitudinal axis of the rocket engine. 
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and coupled in a pivoted manner on their second end to a tie rod that in turn is 
coupled in a pivoted manner with the other end to a point of application of force 
provided in the region of the front end of the second part of the exhaust nozzle bell 
on its outside. In the radial plane containing the longitudinal axis of the rocket 
engine the extension arms have a shape curved in an arched manner towards the 
front end of the second part of the exhaust nozzle bell, which shape during the 
extension of the second part of the exhaust nozzle bell permits a swiveling 
movement over a certain angle area encompassing the front end of the same. 
[0004] Extendible exhaust nozzle bells for a rocket engine of an aircraft or 
spacecraft are known from US 4,313,567 and US 4,383,407, which in a similar 
manner comprise a fixedly arranged first part of a quasi-conical shape with smaller 
diameter and a second part of a quasi-conical shape with greater diameter arranged 
with in a flexible manner respect to this first part. To extend the second part of the 
exhaust nozzle bell from a front stowed position relative to the flight direction into 
a rear operating position relative to the flight direction, an extension mechanism is 
provided that comprises several transport screws arranged distributed over the 
circumference of the exhaust nozzle bell and coupled between the first and the 
second part of the exhaust nozzle bell. These transport screws are arranged 
parallel to the longitudinal axis of the rocket engine and can be driven via a rotary 
drive so that during their rotation the second part of the exhaust nozzle bell is 
extended towards the rear parallel to the longitudinal axis of the rocket engine. 

SUMMARY OF THE INVENTION 
[0005] The present invention is creates an extendible exhaust nozzle bell with an 
extension mechanism of the smallest possible mass that can be constmcted as 
simply as possible and that operates reliably. 

[0006] The instant invention provides an extendible exhaust nozzle bell with the 
features of claim 1. 

[0007] Advantageous further developments of the extendible exhaust nozzle bell 
according to the invention are characterized in the dependent claims. 
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[0008] Through the mvention an extendible exhaust nozzle bell for a rocket 
engine of an aircraft or spacecraft is created, which exhaust nozzle bell comprises 
a first part featuring a quasi-conical shape with smaller diameter fixedly arranged 
on the motor of the rocket engine and a second part featuring a quasi-conical shape 
with greater diameter arranged in a flexible manner with respect to the first part, 
whereby in a fi-ont stowed position (relative to the flight direction of the aircraft or 
spacecraft) the second part surrounding the first part of the exhaust nozzle bell is 
located nearer to the rocket motor and in a rear operating position (relative to the 
flight direction of the aircraft or spacecraft) continuing the first part is arranged 
fiirther away fi-om the rocket motor, and with an extension mechanism for 
extending the second part of the exhaust nozzle bell fi'om the stowed position into 
the operating position, whereby the extension mechanism comprises several 
swiveling extension arms distributed over the circumference of the exhaust nozzle 
bell and coupled between the first part and the second part of the exhaust nozzle 
bell, which extension arms are connected in a hinged manner on a first end to a 
support structure provided on the outside of the first part of the exhaust nozzle 
bell. According to the invention it is provided that the extension arms are 
arranged on their second end in a displaceable manner with respect to the inside of 
the second part of the exhaust nozzle bell and can be swiveled while reducing the 
radial distance of their second end to the first part of the exhaust nozzle bell, so 
that the second part of the exhaust nozzle bell can be extended in the direction of 
the rear operating position during swiveling in of the extension arms to the first 
part of the exhaust nozzle bell following the quasi-conical shape of the second part 
of the exhaust nozzle bell. 

[0009] It is preferably provided that the extension arms feature a sliding or 
rolling element on their second end facing the second part of the exhaust nozzle 
bell, which sliding or rolling element is provided for a sliding or rolling movement 
with respect to the inside of the second part of the exhaust nozzle bell while 
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swiveling in the extension arms during the extension of the second part of the 
exhaust nozzle bell. 

[0010] Preferably the extension arms are supported on their first end around a 
hinged axle running in the circumferential direction of the exhaust nozzle bell and 
can be swiveled in a radial plane containing the longitudinal axis of the rocket 
engine. 

[0011] Preferably a first activating device coupled with the extension arms is 
provided for swiveling in the extension arms, and a second activating device 
coupled with the second part of the exhaust nozzle bell is provided for moving the 
same in the longitudinal direction of the rocket engine from the stowed position 
into the operating position. 

[0012] According to a preferred embodiment of the exhaust nozzle bell 
according to the invention, the first activating device contains an actuator and a 
transport screw driven by the actuator and coupled with the extension arm for a 
swiveling movement of the same, which transport screw is changeable in its 
effective length. 

[0013] According to another preferred embodiment, the first activating device 
contains an actuator and a tension cable driven by the actuator and coupled with 
the extension arm for a swiveling movement of the same, and a spring-loaded 
device acting against the tension of the tension cable on the extension arm. 
[0014] According to a preferred embodiment of the mvention, it is provided that 
the second activating device comprises an actuator, a rope drum driven by the 
actuator and a tension cable for a transport of the same wound on the rope drum 
and coupled with the second part of the exhaust nozzle bell. Preferably several of 
these tension cables are provided distributed over the circumference of the exhaust 
nozzle bell. 

[0015] Furthermore, according to a preferred embodiment of the invention it can 
be provided that the first and/or second activating device contains a pivoted 
collecting ring surrounding the first part of the exhaust nozzle bell in the 
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circumferential direction that can be driven by an actuator for a rotation of the 
same and tension cables placed around the collecting ring, which tension cables 
are changeable in their effective length during the rotation of the same, which are 
coupled with the extension arms or the second part of the exhaust nozzle bell for 
their activation. 

[0016] Preferably a central drive or a central actuator is provided for the 
collecting ring. This central drive or actuator can be provided in particular in a 
redundant manner. 

[0017] Preferably the extension arms are embodied as triangular guides tapering 
from their first end towards their second end. 

[0018] According to a preferred further development of the exhaust nozzle bell 
according to the invention, guide devices for a longitudinal guiding of the second 
part of the exhaust nozzle bell on a last part of the extension movement from the 
stowed position into the operating position are provided coupled between the first 

part and the second part of the exhaust nozzle bell. 

[0019] The guide devices can hereby contain guide rollers or sliders mounted on 
the front end of the second part of the exhaust nozzle bell and guide rails mounted 
on a support structure on the first part of the exhaust nozzle bell to accept and 
guide the guide rollers or sliders. 

[0020] Other exemplary embodiments and advantages of the present invention 
may be ascertained by reviewing the present disclosure and the accompanying 
drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] The present invention is further described in the detailed description 
which follows, in reference to the noted plurality of drawings by way of non- 
limiting examples of exemplary embodiments of the present invention, in which 
like reference numerals represent similar parts throughout the several views of the 
drawings, and wherein: 
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Figs, la) and b) A perspective, partially sectional view of an extendible 
exhaust nozzle bell of a rocket engine in a stowed position 1 
and an operating position II according to a first exemplary 
embodiment of the invention; 

Fig. 2 An enlarged perspective partially sectional partial view of the 

first exemplary embodiment of the exhaust nozzle bell 
according to the invention in the stowed position I shown in 
Fig. 1; 

Fig. 3 A perspective, partially sectional view of a part of an 

extendible exhaust nozzle bell of a rocket engine together 
with an extension mechanism in stowed position I according 
to a second exemplary embodiment of the invention; 

Figs. 4a) through c) Three different phases of the extension movement from the 

stowed position I into the operating position II for the first 
exemplary embodiment shown in Fig. 1 of the extendible 
exhaust nozzle bell according to the invention in a partially 
sectional side partial view; and 

Fig. 5 A detailed representation of a locking device for locking both 

parts of the extendible exhaust nozzle bell of the first 
exemplary embodiment of the invention in the operating 
position II. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 
[0022] The particulars shown herein are by way of example and for purposes of 
illustrative discussion of the embodiments of the present invention only and are 
presented in the cause of providing what is believed to be the most useful and 
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readily understood description of the principles and conceptual aspects of the 
present invention. In this regard, no attempt is made to show structural details of 
the present invention in more detail than is necessary for the fundamental 
understanding of the present invention, the description taken with the drawings 
making apparent to those skilled in the art how the several forms of the present 
invention may be embodied in practice. 

[0023] In the exemplary embodiments of an extendible exhaust nozzle bell for a 
rocket engine of an aircraft or spacecraft shown in the figures, the reference 
number 1 1 means the throat of the combustion chamber of a motor (not shown) of 
a rocket engine for an aircraft or spacecraft. An exhaust nozzle bell labeled as a 
whole with the reference number 12 is arranged on the combustion chamber throat 
11. This is used in a known manner to expand in a controlled manner the 
combustion gases streaming out backwards at a high speed from the combustion 
chamber throat 1 1 such that their speed is reduced to obtain a maximum impulse 
transmission to the aircraft or spacecraft for the purpose of its propulsion. To this 
end a substantial expansion ratio is necessary between the cross section of the 
combustion chamber throat 11, from which the combustion gases enter the exhaust 
nozzle bell 12 at its front end, and the cross-sectional area of the rear opening of 
the exhaust nozzle bell 12, where the exhaust gases emerge. Allowing for an 
optimal curved shape of the exhaust nozzle bell 12, this means a considerable 
length of the same. To keep the space required for the exhaust nozzle bell 12 
within limits, this is therefore provided in a divided and extendible form. The 
exhaust nozzle bell 12 namely comprises a first part 13 fixedly arranged at the 
combustion chamber throat 1 1 and a second part 14 arranged in a flexible manner 
with respect to the first part 13, which parts respectively feature a quasi-conical 
shape diverging to the rear with respect to the flight direction, as can be seen in 
particular from Figs. 1 and 4. 

[0024] In a front stowed position I that is shown respectively in Figs, la), 2, 3, 
and 4a), the second part 14 of the exhaust nozzle bell 12 surrounding the first part 
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13 of the exhaust nozzle bell 12 is located nearer to the rocket motor, thus further 
forward with respect to the flight direction, and in a rear operating position II that 
is shown in Figs, lb), 4c) and 5, continuing the first part 13 of the exhaust nozzle 
bell 12 is arranged further away from the rocket motor, thus further back with 
respect to the flight direction. In this rear operating position II the second part 14 
of the exhaust nozzle bell 12 can be firmly locked by means of a locking 
mechanism shown in Fig. 5 and labeled as a whole with the reference number 50. 
[0025] An extension mechanism is used to extend the second part 14 of the 
exhaust nozzle bell 12 from the stowed position I into the operating position II, 
which mechanism comprises several swiveling extension arms 15, namely 3 in the 
exemplary embodiment shown in Figs. 1 and 2, 6 in the exemplary embodiment 
shown in Fig. 3, which extension arms are coupled between the first part 13 and 
the second part 14 of the exhaust nozzle bell 12 and distributed over the 
circumference of the exhaust nozzle bell 12. They are connected in a hinged 
manner at a first end to a support structure 16, 17 or 16a, 17a provided on the 
outside of the first part 13 of the exhaust nozzle bell 12. This hinged connection is 
formed by a hinged axle 18 running in the circumferential direction of the exhaust 
nozzle bell 12 so that the extension arms 15 can be swiveled in a radial plane 
containing the longitudinal axis of the rocket engine over a predetermined area. 
[0026] As shown in Figs. 4a) through 4c), when the extension arms 15 are 
swiveled in, the radial distance from their second end to the first part 13 of the 
exhaust nozzle bell 12 is reduced, so that when the extension arms 15 are swiveled 
in to the first part 13 following the quasi-conical shape of the second part 14, the 
second part 14 of the exhaust nozzle bell 12 can be extended from the stowed 
position I shown in Fig. 4a) to the operating position II shown in Fig. 4c). To this 
end the extension arms 15 feature a sliding or rollmg element 19 on their second 
end facing the second part 14 of the exhaust nozzle bell 12, which sliding or 
rolling element executes a sliding or rolling movement with respect to the inside 
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of the second part 14 of the exhaust nozzle bell 12 during the extension of the 
second part 14. 

[0027] To swivel in the extension arms 15 a first activating device coupled to 
them is provided and to move the second part 14 of the exhaust nozzle bell 12 
from the stowed position I into the operating position II a second activating device 
coupled therewith is provided. 

[0028] In the first exemplary embodiment shown in detail in Fig. 2, the 
mentioned first activating device comprises an actuator 20, e.g., in the form of a 
stepping motor with a downstream planetary gearing, and a transport screw 22 that 
is coupled via an intermediate gearing 21 with the actuator 20 for drive by this and 
on the other hand with the extension arm 15 near to its second end. The transport 
screw 22 is changeable in its effective length by being driven via the actuator 20 
for a swiveling movement of the extension arm 15. 

[0029] In the second exemplary embodiment of the exhaust nozzle bell 
according to the invention shown in Fig. 3, the first activating device provided for 
swiveling the extension arms 15 in turn contains an actuator 30, e.g., in the form 
of a stepping motor with a dovmstream planetary gearing, and a tension cable 32 
coupled with the extension arm 15 for a swiveling movement of the same, which 
tension cable contains a spring-loaded device 36 drawn up by the actuator 30 and 
acting on this against a swiveling of the extension arm 15. The rotation movement 
of the actuator 30 is transferred by means of a pivoted collecting ring 37 
surrounding the first part 13 of the exhaust nozzle bell 12 in the circumferential 
direction, around which ring the tension cables 32 are placed and are changeable 
in their effective length during the rotation of the same. 

[0030] In the exemplary embodiment shown in Fig. 2 for the movement of the 
second part 14 of the exhaust nozzle bell 12 from the stowed position I into the 
operating position II as second activating device a rope drum or cable drum 23 is 
provided driven by the actuator 20 and for the purpose of a drive or transport, 
tension cables 25 are provided wound on the rope drum 23 and preferably 
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distributed evenly over the circumference of the exhaust nozzle bell 12, which 
tension cables are coupled with their free end in the front area with the second part 
14 of the exhaust nozzle bell 12. Each tension cable 25 is guided via a deflection 
roll 24 in the direction of the front side of the second part 14 of the exhaust nozzle 
bell 12. When the actuator 20 is activated, thus on the one hand a swiveling in of 
the extension arm 15 is effected via the gearing 21 and the transport screw 22 and 
on the other hand a translatory movement of the second part 14 of the exhaust 
nozzle bell is effected via the rope drum 23 and the tension cable 25. To 
synchronize the two movements, the rope drum 23 comprises an integrated 
mechanism for length compensation. 

[0031] In the second exemplary embodiment shown in Fig. 3, tension cables 35 
are provided with the collecting ring 37 and wound around the same and 
changeable in their effective length during rotation of the same, preferably evenly 
distributed over the circumference of the exhaust nozzle bell 12, which tension 
cables are coupled on their free end with a front area of the second part 14 of the 
exhaust nozzle bell 12. During the rotation of the collecting ring by means of the 
actuator 30 on the one hand a swiveling in of the extension arms 15 via the tension 
cable 32 is thus effected and on the other hand a translatory movement of the 
second part 14 of the exhaust nozzle bell 12 is effected via the tension cable 35. 
Here means are also provided to synchronize the two mentioned movements with 
one another. The actuator 30 thus forms a central drive for the collecting ring 37. 
Preferably the actuator 30 is provided in a redundant manner. 
[0032] In the exemplary embodiments described, as can be clearly seen in 
particular from Figs. 2 and 3, the extension arms 15 are embodied in the form of 
triangular guides that are embodied tapering from their first end, thus supported on 
the hinged axle 18, to their second end, thus facing the inside of the second part 14 
of the exhaust nozzle bell 12. 

[0033] For a longitudinal guidance of the second part 14 of the exhaust nozzle 
bell 12 on the last part of the extension movement from the stowed position I into 


.10- 


P25019.SS1 


SUBSTITUTE SPECIFICATION 


CLEAN-VERSION 


the operating position II, guide devices are provided coupled between the first part 
13 and the second part 14 of the exhaust nozzle bell 12, which guide devices 
comprise guide rollers or sliders 40 mounted on the inside of the front end of the 
second part 14 of the exhaust nozzle bell 12, and guide rails 41 mounted on the 
support structure 16a, 17a on the outside of the first part 13 of the exhaust nozzle 
bell 12, which guide rails are used to accept and guide the guide rollers or sliders 
40. 

[0034] To lock the second part 14 of the exhaust nozzle bell 12 to the first part 
13 in the extended operating position II, a locking device 50 shown in fiirther 
detail in Fig. 5 is shown, which locking device comprises a stop 5 1 provided on 
the second part 14 and a latch 52 provided on the first part 13. After the operating 
position II is reached, the stop 51 is locked by means of the latch 52, so that the 
second part 14 of the exhaust nozzle bell 12 is secured against a forward 
movement out of the operating position II, such as would be caused by the thrust 
of the emerging combustion gases. 

[0035] It is noted that the foregoing examples have been provided merely for the 
purpose of explanation and are in no way to be construed as limiting of the present 
invention. While the present invention has been described with reference to an 
exemplary embodiment, it is understood that the words which have been used 
herein are words of description and illustration, rather than words of limitation. 
Changes may be made, within the purview of the appended claims, as presently 
stated and as amended, without departing from the scope and spirit of the present 
invention in its aspects. Although the present invention has been described herein 
with reference to particular means, materials and embodiments, the present 
invention is not intended to be limited to the particulars disclosed herein; rather, 
the present invention extends to all fiinctionally equivalent structures, methods and 
uses, such as are within the scope of the appended claims. 


